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INTRODUCTION 



This report describes the traffic survey undertaken on 
30 October 1990 on the M25 between. junctions 16 (M40) 
and 15 (M4) . 

The survey was undertaken using^ video cameras to record 
vehicle registration numberplates in order to identify 
entry and exit points for each vehicle. 

The traditional approach to numberplate . surveys has. 
involved one of the following, techniques : 

Manual recording using data loggers ^ paper/ 
pencil or tape recordings. This often involves 
recording partial numberplate details only 
because of traffic speed and density. 
Video recording followed by manual 
transcription, which can be very slow. 

For this survey, a new technique was used to transcribe 
numberplates from the video, film recordings. This 
involved computer image processing to digitise 
numberplates directly into computer data files without 
manual intervention. 

The survey had two objectives. The first was to provide 
data for the current study into widening this section of 
the M2 5. The second objective was to demonstrate that 
the technique of computer image processing produces 
accurate and reliable results under a variety of traffic 
and lighting conditions. 

If successful, it was considered that the technique had 
numerous applications, particularly on roads and 
motorways with high speeds and traffic densities. 



FIELDWORK 



The traffic survey covered the area shown in Figure 1. 
Traffic was filmed in a southbound direction on Tuesday 
30 October 199 0. The period 8 . OSam to 11 -13 am was 
covered continuously using thirteen video cameras, one 
for each lane of traffic. 

A three hour time period was required to cover as much 
of the morning peak as possible. The start time was 
constrained to one hour after sunrise (6.50am), by when 
it was expected that lighting conditions would be 
satisfactory. 

six cameras were required to survey the southbound 
traffic entering the section at the M40 junction and 
seven cameras were required to survey the southbound 
traffic leaving the section at the M4 junction. 
Northbound traffic and non-M25 traffic through both 
junctions was not surveyed. 

All but one camera at the M4p junction were mounted on 
the hard shoulder of the M4 0 overbridge viewing down 
onto the traffic below. The remaining camera and all 
the cameras- at the M4 junction were mounted on overhead 
sign gantries. No cameras were therefore mounted on the 
roadside at the same level as the traffic being filmed. 

Each camera was monitored throughout the survey and 
minor adjustments made to reflect lighting and traffic 
conditions. This required skilled camera operatives to 
be responsible for individual cameras or groups of 
cameras on, say, the same gantry. One operative was 
responsible for a maximum of three cameras. 



The weather was bright with occasional cloud cover. 
This required changes to the optical settings of the 
cameras. The breezy conditions did not affect the. 
performance of the system although one camera was blown 
over, probably because of the effect of a passing lorry, 
and ceased recording for a few minutes. In subsequent 
video surveys, cameras were weighed down with ballast 
bags on each leg of their tripod. 

Traffic conditions were considered by the Department of 
Transport to be normal. There were no reported 
incidents- Vehicles were generally free flowing except 
on the M25 at the M40 junction. Here, southbound 
traffic merging from the slip road into the main 
carriageway caused stop-start conditions throughout the 
survey period but particularly in the first two hours. 
This required the video cameras to be mounted at a 
steeper angle to the carriageway, with consequent 
adjustments to field of view settings. 

Generally speaking this did not lead to any loss of data 
except where, say, cars were following very closely 
behind larger vehicles. 

Camera operatives were in contact with each other 
throughout the survey using portable radios. In this 
way, maximum control was exercised over the operation of 
the survey.- - 

Temporary power supplies were provided for gantry 
mounted cameras via the permanent power supply box. 
This obviated the need to power the cameras by batteries 
which have a normal life of between 1 and 2 hours. The 



replacement of camera batteries during filming would 
cause the loss of several minutes of film recordings. 
For the overbridge mounted cameras, a continuous power 
supply was provided by specially prepared battery 
accumulators, which lasted for the duration of the 
survey without interruption. 

All cameras were set up between 5.30am and 8.00am on the 
morning of the survey. This was slightly longer than 
anticipated, primarily because this was a trial," 
requiring additional checks. There were no reliability 
problems with any of the cameras, although one spare 
video camera was availe^ble at each junction. The 
portable radios did begin to lose power at the end of 
the survey, although contact was maintained by relaying 
messages between operatives. 

The survey was commenced by the passage of a marker 
vehicle under the camera mounted on the gantry over the 
slip road from the M40 (Westbound) to the M25 
(Southbound). This occurred at approximately 8.05am at 
which time a message was relayed to commence filming 
with the other five cameras at the M4 0 junction. 
Cameras at the M4 junction commenced filming when the 
marker vehicle passed under the gantry where the slip 
road diverges from the main M25 carriageway. All seven 
cameras started filming by 8.14am. 

The survey ended a similar way, with the marker vehicle 
leaving the M40 junction at 11.06am and passing the M4 
junction at. 11.13am. In practice, most cameras filmed 
traffic for a few minutes more than 3 hours. 

There were no significant problems experienced during 
the survey either through weather or traffic conditions. 
The operatives recorded any relevant technical data onto 



the video tape soundtrack, which was also used to record 
the time at frequent intervals. 

It must be stated that the technique was not exposed to 
severe weather conditions for this trial, although there 
is no reason to suppose that this would have caused 
undue problems. All cameras had covers available for 
use in the event of rain. 

Safety procedures were strictly adhered to. All 
operatives wore reflective jackets providing the highest 
level of conspicuity specified by BS 6629: 1985. All 
vehicles had a roof mounted flashing beacon. Vehicles 
were parked on the hard shoulder and coned off. All 
operatives were in possession of a valid motorway pass. 

Although motorway police were aware of the surveys, 
there was no contact made during the work. There was 
no feedback from motorists although some drivers were 
seen to be waving at either the cameras or the 
operatives. This indicates a possible need to ensure 
cameras and operatives are goncealed as far as possible 
so as not to distract motorists. 

It is considered that the practical arrangements 
surrounding the survey were totally satisfactory and 
would need only minor amendment for subsequent work. 

The nature of the trial was such that not all 
circumstances which might effect this technique 
occurred. In particular, severe weather and the need 
for cameras mounted alongside the carriageway would need 
to be examined in a future survey. However, the 
overriding view is that the fieldwork aspects of the 
trial were a success. 
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DATA PROCESSING 



Data processing was subdivided into three main stages as 
follows: 

- image processing of video tap^s to transcribe 

registration numberplates 

manual vehicle count from video tapes 

matching of numberplates and grossing up. 

For the purposes of control of data, all video tapes 
were clearly marked to identify their, contents. This is 
essential because it would be virtually impossible to do 
this based on recorded images alone once the video films 
had been removed from their cameras. 

Relevant data for each video camera is given in Table 1. 
Camera number and location should be interpreted using 
Figure 1. The start time and finish time are self 
explanatory. Cameras at the M4 0 junction started 3 to 9 
minutes before and finished 1 to 11 minutes before 
cameras at the M4 junction- The variation is due to the 
time taken between the marker vehicle being first 
observed, any message relayed, and then operatives 
reaching all cameras at a particular location. 

The filenames referred in Table 1 are of the computer 
files containing all the registration numberplates 
successfully processed and their time of observation. 
The format of this computer file is as shown in Appendix 



The number of Plate Triggers is the number of times the 
image processing identified what was considered to be a 
numberplate. This includes numberplates which can be 
successfully read, those which cannot (because they are 
dirty, broken or do not conform to a recognised syntax- 
see Appendix B) together with other images such as 
lettering on the exterior of vehicles particularly 
commercial vehicles. 

The number of plates which were successfully read is 
also recorded. Checks were made on the accuracy of the 
numberplate recognition system. These indicated that 
certain characters were sometimes misread. Most typical 
misreads were "O" and "D", "5" and "9", "6'? and "8", "E" 
and "F", "F" and "P", "5" and "6", "V" and "U" . 

A manual classified vehicle count was taken from each 
video film. The purpose of this was threefold: 

- to establish recognition rates 

- to establish an approximate relationship between 
Plate Triggers and traffic flow 

- to establish matching rates. 

The first two relationships are shown in Table 2. The 
recognition rate (No of plates/Total Flow) was in the 
range 84%- 97% for all cameras, which was considered very 
satisfactory-. - Table 2 revealed no firm relationship 
between the rate of Plate Triggers and lane "type or 
vehicle composition. However, the three main carrigeway 
lanes at junction 16 (M4 0) have higher Plate Trigger 
rates than the corresponding lanes at Junction 15 (M4) . 
This is most likely attributable to the fact that stop- 
start conditions prevailed at Junction 16, whilst free- 
flow conditions prevailed at Junction 15. 



3 . 08 The manual vehicle count was validated against hourly 

^ automatic traffic count (ATC) data for the day of the 

I survey at both junctions (see Appendix C) . There was a 

very close match, with most manual counts being within 
5% of the corresponding automatic count, and all being 
within 10%. 



3.09 It should be noted that the ATC' site on the M2 5 
southbound at Junction 16 is some distance to the south 
of the corresponding camera positions. Also, an ATC 

I will detect the passing of a vehicle almost irrespective 

of where . that vehicle is in relation the lane markings. 
For the manual count, the field of view of the camera is 
^ much narrower and some vehicles may be missed. The 

I comparison in Appendix C supports this. 

I 

3.10 Numberplates recorded at the M40 junction were then 
^ matched to those at the M4 junction using in-house 
I computer software called REGNUMS. Numberplates are 

entered into REGNUMS by camera position as either 
entering and leaving. The matching procedure has a 
^ logic check to ensure that the time of observation of a 

I leaving plate is after its corresponding entry time of 

observation. Since there was a staggered start time to 

w 

allow for the travel time between junctions, it is 
^ considered that most vehicles entering were also seen 

I leaving. 



REGNUMS produced three computer tiles as follows: 



^ . - file of matched numberplates 

^ - file of unmatched numberplates entering at the 
M4 0 junction 

^ - file of unmatched numberplates leaving at the M4 

^ junction. 

i 

^ traffic Survvy an g 



The unfactored matched movements between entry and exit 
points are shown in Table 3 . The overall matching rate 
for full numberplates (irrespective of length) was 4 5%. 
The matching rates for individual rows and , columns in 
Table 3 are evenly spread between 41% and 51%. This, 
combined with the even spread of recognition rates, 
suggests that there is no particular bias in the 
individual movements indicated by Table 3 . 

Given the evidence which suggests that certain 
characters may be misread, this is considered to be an 
excellent matching rate. Nonetheless it was considered 
to be of great value that partial numberplates be 
matched. Incorporating numberplates matched on 5 and 6 
characters out of 7 character numberplates and 5 
characters out of 6 character nvimberplates results in 
the matching rates shown in Table 4 and the pattern of 
unfactored movements between entry and exit points shown 
in Table 5 (partial numberplates) and Table 6 (full and 
partial numberplates) . 

It can be seen from Table 4 .that the inclusion of 
matched partial numberplates increases the matching rate 
from 4 5% to 67%. Even with this reduced level of 
accuracy, the results are still more reliable than would 
be obtained from convential partial numberplate surveys 
using a registration year letter and three 
letters/numb"ers . 

It is clear from Table 5 that there was an even 
distribution of partial numberplate matching for all 
movements. 

Using the above data, grossed up vehicle movements were 
calculated and the results are given in Table 7. The 
method used for this grossing up process is described in 
Appendix D. - 



The process was further refined by producing grossed up 
movements between entry and exit points for a peak hour. 
In this instance, this was for the one hour period from 
8.15am to 9.14am, as observed at entry point. No 
account was taken of actual leaving time since a 
staggered start was used. These movements are shown in 
Table 8 and, graphically, in Figure. 2. The peak hour 
matching rate was 74%, compared to 67% for the three 
hour period. 

Comparing the results in Tables 7 and 8 the peak hour 
(8.15am-9.14am) total flow is 34% of the three hour 
flow. ATC data suggests that, for the M40 junction, the 
flow between 8 ..00am and . 8 . 59am was 35% of the flow 
between 8.00ara and 10.59am. 

There are two possible reasons for this apparent 
difference. Firstly the peak hour time periods are not 
the same; there is a 15 minute difference. Secondly the 
three hour flow in Table 8 is for slightly longer than 
three hours, representing the duration of filming. 

All the above analysis is based on location to location 
trip matrices. These are actually derived from camera 
to camera information. This is analysised in more 
detail in Appendix E. Individual camera matching rates 
are generally consistent with overall performance. 

An additional feature of the REGNUMS matching process is 
that it enables a trip time distribution to he 
established. Although recorded to the nearest minute, 
these times are considered to be reasonably accurate, 
since all camera recording times were synchronised at 
the start of the survey. The three hour trip time 
distributions for full and partial numberplates are 
shown in Table 9. The similarity between these 
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distributions underlines the confidence in the partial 
nuinberplate matching process. 

It is concluded that the overall accuracy of the results 
is very satisfactory giving a reliable analysis of 
traffic movements. It is worth noting that, whilst the 
numberplate recognition system processed video tapes in 
real time, accurate manual processing of a sample part 
of a tape was found to take six times longer than real 
time. 

This combined with a well planned survey and a smooth 
interface between the numberplate recognition system and 
matching software resulted in a time scale of less than 
2 months between survey and production of final report. 



CONCLUSIONS 



This survey had two objectives: 

to provide data for the current study into 
widening the M25 between the M4 0 ,ar»d M4 
- to demonstrate that the technique of computer 

image processing produces accurate and reliable 
results. 

The data described in this report gives a clear 
understanding of how this section of the .M25 is. used for 
straight through and turning trip movements. A simple 
analysis has been made. of the data. More refined 
analysis is possible using the video tapes and computer 
data files. 

The fact that these data have been collected and 
analysed is evidence that the technique of computer 
image processing produces accurate and reliable results. 
This statement is qualified in the light of the weather 
and traffic conditions which prevailed on the day of the 
survey. Nonetheless, there is every reason to expeqt 
that the technique would perform well under more severe 
conditions.- 

Valuable lessons were learnt in the operation of such 
surveys which were put to subsequent and immediate use 
for more major surveys on the Ml, A1(M) and M25. In a 
very short period of time, what would until very 
. recently have been considered near impossible data 
collection and analysis tasks have become feasible and 
cost effective using this technique. Furthermore, the 
speedy production of results without compromising 
quality suggests that the technique will fulfil a 
valuable role in the field of transportation planning. 
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TABLE 3 THREE HOUR MATCHED MOVEMENTS BETWEEN ENTRY AND EXIT POINTS (FULL, 

NUMBERPUITES) 



TO JUNCTION 15 
M4 w/b M25 s/b 



Total 
Matched 



Total 
Observed 



Matching 
Rate 



FROM JUNCTION 16 

M4 0 eastbound 
M25 southbound 
M4 0 westbound 

Total matched 
Total observed 
Matching rate 



20(0.3) 
954(14.0) 
194 (2 .8) 

1168(17.1) 

2701 

43% 



910(13.4) 
2514(36.9) 
880(12.9) 

4304(63.2) 

9429 

46% 



426(6.2) 

795(11.7) 

122(1.8) 



1356(19.9) 2729 
4263(62.6) 9970 
1196(17.5) 2337 



1343(19.7) 6815(100.0) 15036 
3249 15379 
41% 44% 



50% 
43% 
51% 



Notes rigurea in braekata represent percentages of total matched. 
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TABLE 4 EFFECT ON THE THREE HOUR MATCHING RATE OF USING 
PARTIAL NUMBERPLATES 



Matched Matching 

Numberplates Rate 

Full Numberplate (5/5, 6/6, 7/7 chars) 6815 45% 

Full Numberplate plus 6/7 chars (2288) 9103 60% 

Full Nxomberplate plus 5/7, 5/6 chars (1064) 10167 67% 
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TABLE 5 THREE HOUR MATCHED MOVEMENTS BETWEEN ENTRY AND EXIT POINTS (PARTIAL 

NDMBERPLATES) 



TO JUNCTION 15 Total Total Matching 

M4 w/b M2 5 s/b M4 e/b Matched Observed Rate 



FROM JUNCTION 16 

M40 eaatbound 10(0.3) 368(11.0) 166(4.9) 544(16.2) 2729 20% 

M25 southbound 448(13.4) 1383(41.2) 468(14.0) 2299(68.6) 9970 23% 

M40 westbound . 70(2.1) 384(11.5) 55(1.6) 509(15.2) 2337 22% 

Total matched 528(15.8) 2135(63.7) 689(20.5) 3352(100.0) 15036 22% 

Total observed 2701 9429 3249 15379 

Matching rate 20% 23% 21% 22% - 22% 



Note: Figure in brackets represent percentages of total matched. 



TABLE 6 THREE HOUR MATCHED MOVEMENTS BETWEEN ENTRY AND EXIT POINTS (FULL AND 

PARTIAL NUMBERPLATES) 



TO JUNCTION 15 Total Total Matching 

M4 w/b M25 s/b M4 e/b Matched Observed Rate 

FROM JUNCTION 16 

M40 eastbound 30(0.3) 1278(12.6) 592(5.8) 1900(18.7) 2729 70% 

M25 southbound 1402(13.8) 3897(38.3) 1263(12.4) 6562(64.5) 9970 66% 

M40 westbound 264(2.6) 1264(12.4) 177(1.8) 1705(16.8) 2337 73% 

Total matched 1696(16.7) 6439(63.3) 2032 ( 20 . 0 ) 10 167 ( 100 . 0 ) 15036 68% 

Total observed 2701 9242 3249 15379 

Matching rate 63% 70% 63% 66% - 67% 



Note: Figure in brackets represent percentages of total matched. 



TABLE 7 GROSSED UP AM PEAK HOUR MATCHED MOVEMENTS BETWEEN ENTRY 
a^ND EXIT POINTS (PULL AND PARTIAL NUMBERPLATES) 



M4 W/b 



TO JUNCTION 15 

M2 5 s/b M4 e/b Total 



FROM JUNCTION 16 



M40 eastbound 
M25 southbound 
M40 westbound 



13(0.3) 
667 (13 . 0) 
146(2.8) 



624 (12 .1) 
1836 (35.8) 
737(14.4) 



333 (6.5) 
646 (12, 6) 
130 (2.5) 



970(18.9) 
3149(61.4) 
1013 (19 .7) 



826(16.1) 3197(62.3) 1109(21.6) 5132(100) 



Note: Figures in brackets represent percentage of total flow 



TABLE 8 GROSSED UP 3 HOUR MATCHED MOVEMENTS BETWEEN ENTRY AND 
EXIT POINTS (FULL AND PARTIAL NUMBERPLATES) 



TO JUNCTION 15 
M4 w/b M2 5 s/b M4 e/b Total 



FROM JUNCTION 16 

M40 eastbound 45(0.3) 1853(12,2) 898(5.9) 2796(18.4) 

M25 southbound 2183(14.4) 5789(38.1) 1969(13.0) 9941(65.5) 

M40 westbound 390(2.6) 1794(11.8) 264(1.7) 2448(16.1) 

Total 2618(17.3) 9436(62.1) 3131 (20 . 6) 15185 (100) 



Note: Figures in brackets represent percentage of total flow 



TABLE 9: THREE HOUR TRIP TIME DISTRIBUTIONS BETWEEN JUNCTIONS 
16 AND 15 (SOUTHBOUND) 



Trip Time (Minutes) Full Partial 

Numberplates Numberplates 



Less than 3 


6 , 


23 


3 


35 


22 


4 


235 


144 


5 


431 


214 


6 


463 


208 


7 


422 


183 


8 


524 


254 


9 


951 


420 


10 


1430 


643 


11 


1151 


604 


12 


716 


383 


13 


303 


153 


14 


115 


77 


15 


16 


24 


More than 15 


17 






6815 


3352 
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GROSSED UP AM PEAK HOUR MATCHED MOVEMENTS 
(FULL AND PARTIAL NUMBER PLATES) 
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APPENDIX A FORMAT OF COMPUTER DATA FILES 

There is ONE observation per line. 
The format of data records is:- 



cc 


1 - 




Registration Number (left justified) 


cc 


8 




Blank 


cc 


9 - 


12 


Time of observation (right justified) 


GC 


13 




Blank 


CC 


14 




Vehicle Type (Default value, 1) 


CC 


15 




Blank 


cc 


16 - 


17 


Camera Number 


cc 


18 




Blank 


cc 


19 




E or L - Entering or Leaving the cordon 


NEXT LINE 







Registration Number and Entering/Leaving code are letters 
numerics. All other values are numeric only. 
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APPENDIX B 



ACCEPTABLE NUMBERPLATE SYNTAXES 



APPENDIX B 



ACCEPTABLE NUMBERPLATE SYNTAXES 



The computer image processing technique is a three stage 
process. Firstly the numberplate is identified. Secondly the 
numberplate is digitized and then finally it is fitted to an 
acceptable numberplate syntax. In order to maximise 
recognition rate, only a limited number of syntaxes are used 
by the processing technique, representing the majority of 
modern vehicles. These are: 



L NNN LLL LLL NNNL 

L NN LLL. LLL NNL 

L N LLL LLL NL 

(Where L = letter and N = number) . 



Vehicles registered before 1962 and those with personalised, 
military or foreign numberplates , whilst legal, will not be 
recognised by the technique. However, numberplates which are 
identified and digitised but which cannot be fitted to an 
acceptable syntax are written to disk. From disk they can be 
manually keyed into the data file irrespective of syntax. 
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APPENDIX C 



SUMMARY OF AUTOMATIC AND Ml^UAL TRAFFIC COUNTS 
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M4 0 WESTBOUND TO M25 SOUTHBOUND 



h Hour CAMERA 6 

Beginning 





Cars 


Others 


Total 


0800* 


149 


13 


162 


0815 


211 


24 


235 


0830 


269 


38 


307 


0845 


204 


4 0 


244 


0900 


172 


48 


220 


0915 


116 


4 1 


157 


0930 


131 


43 


174 


0945 


123 


27 


150 


loop 


124 


40 


164 


1015 


109 


43 


152 


1030 


104 


37 


141 


1045 


86 


41 


127 


1100* 


78 


26 


104 


Total 


1876 


461 


2337 



* Incomplete time period 
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APPENDIX D 



PROCEDURE FOR DERIVING GROSSED UP TRAFFIC MOVEMENTS 



APPENDIX D PROCEDURE FOR DERIVING GROSSED UP TRAFFIC MOVEMENTS 



The in-house REGNUMS software ultimately produces a computer file 
containing details of numberplates matched between entering and 
leaving points (by camera position) . For each camera position it 
is therefore possible to determine a matching rate as follows: 

Matching rate = total numberplates matched 
for each camera total vehicles observed 



For each traffic movement cell in the overall trip matrix, there 
is one matching rate associated with the entering camera position 
and one associated with the leaving camera position. The grossing 
up factor for each trip (as represented by a matched numberplate) 
is as follows: 



Grossing up factor = 



matching rate x matching rate 
I entering leaving 



matching rate entering = 70% 

matching rate leaving = 80% 



Grossing up factor = 1 

|o.7 X 0.8 



Once matching rates have been determined for each camera position 
for the time period in question, REGNXJMS will calcula:te grossing 
up factors for individual movements. No account is taken in this 
procedure of recognition rates, which are indicative of camera 
performance only. 
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CAMERA TO CAMERA TRIP MATRICES 
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APPENDIX E CAMERA TO CAMERA TRIP MATRICES 

The following is an analysis of the production of Tables 3 and 6 

TBREE HOUR MATCHED MOVEMENTS BETWEEN CAMERAS (INPUT TO TABLE 3) (FUIX NUMBERXATES) 



TO JUNCTION 15 
M4 w/b M25 s/b 



Total Total Matching 
M4 e/b Matched Observed Rate 



FROM JUNCTION 16 



M40 e/b 


1 


8 


0 


103 


163 


107 


165 


15 


561 


1080 


52% 




2 


6 


6 


34 


160 


343 


196 


50 


795 


1649 


48% 


M25 s/b 


3 


169 


56 


233 


122 


127 


161 


29 


897 


2460 


36% 




4 


230 


126 


157 


514 


218 


276 


30 


1551 


3646 


43% 




5 


127 


246 


10 


173 


960 


255 


44 


1815 


3864 


47% 


M40 w/b 


6 


94 


100 


148 


324 


408 


96 


26 


1196 


2337 


51% 


Total matched 


634 


534 


685 


1456 


2163 


1149 


194 


6815 


15036 


45% 


Total observed 


1521 


1180 


1699 


3329 


4401 


2669 


580 


15379 






Matching 


rate 


42% 


. 45% 


40% 


44% 


49% 


43% 


33% 


44% 




45% 



Note I See Figure 1 for exact camera locations. 



THREE HOUR MATCHED MOVEMENTS BETWEEN CAMERAS (INPUT TO TABLE 6) 
(FULL AND PARTIAL NUMBERLATES) 



TO JUNCTION 15 
M4 w/b M25 s/b 



Total 
Matched 



Total 
Observed 



Matching 
Rate 



FROM JUNCTION 16 



M4 0 e/b 


1 


12 


0 


141 


222 


144 


227 


25 


771 


1080 


71% 




2 


7 


11 


47 


- 240 


484 


266 


74 


1129 


1649 , 


68% 


M25 s/b 


3 


243 


82 


352 


204 


218 


273 


40 


1412 


2460 


- 57% 




4 


344 


189 


224 


816 


33 8 


443 


43 


2397 


3646 


66% 




5 


182 


362 


18 


273 


1454 


386 


78 


2753 


3864 


71% 


M4 0 w/b 


6 


134 


130 


200 


473 


591 


137 


40 


1705 


2337 


73% 


Total matched 


922 


774 


982 


2228 


3229 


1732 


300 


10167 


15036 


68% 


Total observed 


1521 


1180 


1699 


3329 


4401 


2669 


580 


15379 






Matching 


rate 


61% 


66% 


58% 


67% 


73% 


65% 


52% 


66% 




67% 



Note: See Figure 1 for exact camera locations. 
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Or A Rawlins 

Transport: Infras-tructure and Operations , 
Science and Engineering Research Council 
Polaris House 
North Stax Avenue 
Swindon SN2 lET 



15 January 1992 

Your ref: P:OD{735 

Our ref: 1E/SM199/DJR/WMV 



Dear Dr Rawlins 

TIO LIHK AFFLXCATION TIQ 48 

HBTWORX OPTIMISATION USXK6 IMAGE RECOGNITION (NOIR) 

We were naturally disappointed that our original proposal to the 
Transport Infrastructure and Operations LINK Programme was not 
considered suitable for funding In its present form. We were, 
however, encouraged by your invitation for us to make a re- 
submission and this we have prepared. Our re-submission has been 
further developed to address the comments you make in your letter 
dated 22 November 1991 and hopefully now represents a project more 
acceptable to the committee. 

On a g^eral point, we agree that our proposal contains a number 
of separate project areas which could be tackled separately. This 
was considered by the consortium but in conclusion it was felt 
that each of the partners, Travers Morgan Consulting Group, 
Computer Recognition Systems Ltd and Reading University have 
developed the separate pro j ect areas to a point where further work 
could benefit from a less isolated approach. 

The objective of the consortium is to combine the existing 
experience of the partners towards a common goal and thus 
integrate and further develop the iseparate project areas within a 
single project. In this way we feel that during our research 
clear definition of the further work to be xindertaken within the 
discrete project areas will be possible. 
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Dr A Rawlins 

Transsport Infrastructure and Operations 
science and Engineering Research Council 

15 January 1992 

Your ref : P:OD:735 

Our ref: 1E/SM199/DJR/WMV 



The piirpose of improving the existing number plate recognition 
system represents one of the separate project areas which has 
implications on the final objectives of other areas. The present 
number plate reader system (NRS ) accuracy is about 70% correct 
plates during 'reasonable' conditions. This provides an 
Origination-Destination (0/D) match in the order of 50%, Across a 
wide range of weather conditions with the NRS current accuracy at 
50% 0/0 matching achievement is about 2S%. This is considered not 
to be sufficient to obtain valid statistics for journey time to 
undertake automatic control of variable message signs and, 
therefore, the NRS techniques require improvement. We intend to 
use classification techniques to augment the NRS accuracy, eg, an 
attempt at matching strings with a number of character 
differences. This, we feel, can be more confidently attempted if 
both vehicles are believed to be of the same class. Therefore 
numberplate reading and vehicle classification are not disjointed 
in this project. 

The NRS performance improvements will' be by algorithm development. 
We now have a substantial set of recordings from DTp trials we 
have undertaken and we intend to collect more for the times and 
conditions not already covered. We intend to investigate the 
reasons for the reading errors on this data and then develop new 
algorithms to overcome the appropriate deficiency. 

We recognise that It would be impractical to seek recognition of 
all vehicle number plates at all node points throughout the 
network and, therefore, we propose to develop a method of 
sampling. The development of this sampling method and its level 
of accuracy will be dependent upon identifying a statistical 
balance between individual number plate capture rates and matching 
success, and the data requirements of the overall traffic model to 
achieve acceptable results. 

Incumbent upon the above project areas is the role that Reading 
University will play. They will be developing their previous work 
in vehicle classification to enhance the NOIR 'system' to include 
data on vehicle types. 
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Dr A Rawlins 

Transpoirt infrastrTicture and Operations 
Science and Engineering Research Council 

15 January 1992 

Your ref: P:OD:735 

Our ref: 1E/SM199/DJR/WMV 



We chose Reading University because of their previous and current 
work in the field and felt this to be more appropriate than any 
undertaken by Leeds, Newcastle or UCL. More information can be 
provided to justify our view if required. 

Vehicle Recognition has been developed by Reading University using 
model based methods of 3D vision- These have been shown to work 
reliably in complex urban road junctions and for ground traffic at 
airports. The particular merits of the approach are seen as 
follows; 

i) Performance reasonably independent of distance, 3D pose and 
partial occlusion; 

ii) immunity to image noise; 

iii) ability to tailor the speciality of the classification to 
the requirements of the task. 

Most existing techniques for visual vehicle classification rely on 
the ability to outline the image of the vehicle, as a moving 
region in the image; the attributes of the 2D region are then 
matched against the . values expected of the known classes of 
vehicle. These methods are highly sensitive to the viewpoint of 
the camera (wrt the vehicle) and do not cope well with problems 
due to partial occlusion of vehicles by other vehicles or fixed 
objects in the field of view. 

The methods developed' ty Reading University, under funding from 
the UK Alvey Programme (Project MMI-007, 1985-89) and lately firon 
the European Framework Programme (Esprit E2152, VIEWS), uses 3D 
models to compute the characteristics of the image of a vehicle 
under any view. The methods have been reported at a succession of 
British Machine Vision Conferences (1987-91) - They are far more 
robust than the 2D methods since they are less affected by 
shadows, specular reflections and changes of illumination 
conditions. They deal naturally with the shape and size changes 
which occur with changes of viewpoint and are more sensitive to 
small differences between vehicles. 

.../4 
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Dr A RawXins 

Transpor-t Infrastructure and Operations 
Science and Engineering Research Council 

15 January 1992 

Your ref: P:OD:735 

our ref: 1B/SM199/DJR/WMV 



Th& work proposed under NOIR will be to adapt the algorithms for 
real-time performance and input the data into the overall system 
traffic model. 

For our submission we chose a project focused on the motorway and 
trunk road network. This was a deliberate choice because of the 
strategic benefits of re-routing traffic between primary and 
secondary routes leading to the ability to optimise road corridors 
where alternative routes exist. Also a complete communications 
infrastructure exists on the motorway and much of the trunk road 
network making the evaluation between central or distributed 
processing of information a little simpler. We propose that for 
subsequent system validation a modest motorway corridor be 
selected which has many of the now standard traffic control and 
surveillance facilities (CCTV, counting loops, communications 
infrastructure) . This would benefit the validation process and 
limit the hardware requirements. 

We propose that for the validation process we seek collaboration 
with the Department of Transport, Traffic Control and 
Communications Division and the appropriate Network Management 
Division within the Regional Offices. From our experience it 
would be premature to seek collaboration with these parties at 
this stage and we feel that the evidence from our project work 
will provide the vehicle for establishing the final system 
validation criteria. - - 

During the course of the project some of the discrete project 
areas will be tested in field trials, collaboration has already 
been established between Travers Morgan in association with CRS 
Ltd and the Department of Transport's Motorway Widening unit for 
Origination-Destination surveying on motorways. Trials to 
evaluate enhanced performance of present techniques will be sought 
within this collaboration. 
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Dr A Rawlins 

Transport Infrastructure and Operations 
Science and Engineering Research Council 

15 January 1992 

Vour ref: P:OD:735 

Our ref: 1E/SM199/DJR/WMV 



The work we propose to undertake under the NOIR project, once 
validated for a motorway environment, could be equally applicable 
to urban road systems. The concepts are, in the consort imn ' s 
opinion, most appropriately first explored for a motorway /trun3c 
road network for the reasons outlined previously. 

Finally we wish to develop parameters for an expert system to 
receive, disseminate and react to the information being generated. 

We concede that we present to you an ambitious proposal but one 
that we believe provides realistic goals for the advancement of 
existing proven technologies towards a clearly defined 'systems' 
objective. The 'system' would, we suggest, be as powerful a 
traffic tool as Autoguide and will produce unbiased statistics for 
all classes of vehicles. It has the benefit of being available to 
all road users without being reliant upon subscribers. 

On behalf of the consortium I hope that these comments, together 
with our re-submission, are considered suitable for funding under 
the LINK programme. 

Yours faithfully 



D J Robertson 

for TRAVERS HOR6AN OlTI! LIMITED 
enc 



cc: Mr H Wyboum 
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To build upon a method recently developed under a joint 
venture between Travers Morgan Consulting Group and CRS 
Ltd, to undertake origination and destination surveys 
using the latest computerised scanning and recognition 
techniques* The system developed thus far (FIRST) has 
been proven in the field for obtaining real-time journey 
information to identify origination-deetination 
characteristics for a closed network on high speed roads. 

The method adopted for the o-D technique is for temporary 
camera and video equipment to be mounted at all entry and 
exit points to form a closed network. video tapes of the 
traffic flow at each point of the network are provided as 
the basic data. Each tape is processed by an image 
recognition system which identifies the number plate of 
each vehicle and automatically reads and produces a file 
of the character arrays. Character arrays are matched 
using a matching programme to determine the entry and exit 
points from the network for each vehicle and, in so doing, 
establishes a flow pattern. This survey technique has 
been used on a number of high ^speed DTp roads to date with 
an accepted degree of accuracy. 

Our proposal under the LINK programme ■ (NOIR). is to 
research the feasibility and economic benefits of 
providing a real-time network optimisation and vehicle 
classification system based on image processing 
techniques. The research would focus on existing 
technologies and, as a first stage, include development 
work to improve "the accuracy of these techniques. 

A number of separate project areas exist within the 
overall project. The work within each of these separate 
project areas will be complementary to, and_ dependent 
upon, the final system parameters. The objectives of the 
separate project areas are as follows: 

i) Enhancement of present number plate reading 
techniques - CRS Ltd. 

ii) Enhancement of present vehicle classification and 
counting techniques - Reading University. 

iii) Establishment of suitable transmission and data 
collection techniques - Travers Morgan. 



If you require further space, plcosc conLinuc on a maximum of two A'f sheets. 
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iv) Developtnent of a real-time traffic flow model based 
upon journey time, 0-D information and vehicle 
classification - Travers Morgan. 

v^) Integrate the information from i) to iv) into a 
traffic model to optimise the network - all 
partners . 

vi) investigation of the applicability of expert system 
techniques to overall system optimisation - all 
partners . 

Close liaison will be necessary by all partners during the 
development of objectives i) to iv) above- This activity 
will be co-ordinated by Travers Morgan. The functional 
requirements of each project area will be constantly 
assessed and re-defined as necessary to enable the work 
under objective v) to proceed. 

During the development of the project areas, the team 
propose to seek a method of real-txmc sampling which will, 
on a statistical, basis, identify journey time and vehicle 
Olassification information throughout a network. Analysis 
will be undertaken on the statistical balance between the 
number of sampling points/associated hardware and the 
respective accuracy of successful matching classification 
data and true representation of traffic patterns. 

on a theoretical basis, from the statistical data made 
available, the team shall undertake the development of a 
real-time traffic model for strategic routes on a closed 
network- The purpose of this model will be to analyse, on 
a real-time basis, the true effects traffic patterns are 
having on the network. With such a system statistical 
origination-destination, journoy time and vehicle group 
data will be constantly available. With the. .benefit of 
real-time data the team shall seek to quantify the effect 
and benefit that variable message signs would have as a 
means of transferring traffic from one route to another. 
The basic principles of network optimisation will, 
therefore, be examined together with the proportion of 
vehicle types using the strategic routes and the split of 
vehicle types which transfer onto alternative routes. 

Utilisation of the existing National Motorway . 
communications Network for data transmission would be 
investigated together with the logistics of establishing a 
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suitable transmission and data collection technique for 
receiving, video information and initiating changes to 'on- 
site* Variable Message Signs. 

The team's work associated with data transmission 
techniques will be focused on the motorway network where 
supporting communications infrastructure exists. This 
will involve collaboration with the Department of 
Transport, Traffic Control and CommuniGations Division to 
agree concepts and transmission protocols. Data 
transmission concepts will be closely co-ordinated with 
the work associated with enhancing existing technologies 
to provide the necessary evaluation criteria to decide 
between the level of central and distributed processing. 

Field trials will be undertaken within the scope of this 
project to evaluate the work undertaken in the separate 
project areas and its compliance with the objectives 
developed from the overall system requirements. 

The project would culminate with a study into the 
feasibility of developing an 'expert system' to provide 
automatic optimisation of the network. In investigating 
this system we would seek to develop the basis for a 
software tool which has the characteristics of modifying 
its behaviour in response to the real-time data collected 
from sensing outstations. Utilisation of heuristic rules 
and modification of these in response to future events 
would be the ultimate aim. The project matter would, 
therefore^ be moving towards a fully automated 
optimisation system for strategic routes and one which is 
constantly updated' by the data it receives. 

•system' validation would be undertaken as a desk study. 
The consortium's view is that this desk study will 
indicate the feasibility of the NOIR system ..gnd at this 
stage further government collaboration would be 
appropriate for further field trials and 'system' 
validation. 
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Please describe how and when the 
research is likely to be applied 
coramerclally 



Further deveopment work and 
trials nccxjssary beyond our 
project to apply . techniques 
commercially. 



How long is Che project expected to 
last 



18 months 



Please state when the project can be 
started and if there arc any 
llaltatlons as to whon the project can 
be started 



As soon as approval is granted 



Are you looking for further partners 
to complete the consortium, 
if YES please give details 



Are related projects currently being- 
evaluated under any other publicly 
funded programmes (Including. GO 

SrogratoisesT. 
f please give details 




Are you or a nenber of your 
consortium already rccoiving financial 
support from publxc funds (including 
EC funds) for a related project. 
If YES please ^vo details 



Yes. Reading University is 
currently funded within Esprit, sas 
peirt oir project P21S2 VIEWS, to 
develop methods of recovering 
descriptions of traffic scenes in 

conplex urban and airport scenes. 
The work proEsC^ed under NOIR will adapt 
the existing vehicle recognition and 
classification techniques to the new task. 



14-MflR-2000 15:50 FROM CRS LTD TO 01342315927 



PROJECT COSTS 



Please give estimates of the overnll 
total eligible costs Tor tl»c project, 
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Industry cost 


£ 2S0 


%11 


Science base cost 


^ 80 


^23. 


Total cost 


£ 360 


^00- 



Please give an estimated brcalcUowi^, 
as indicated, for each of the 
project partners 



Organisation 


Person 
Years 


Staff 
Costs 


Other 
Costs 


TM One Ltd 


2/6 




^ 30k: 


CRS Ltd 


1.3 


£ 

75k. 


^ 15k 


Reading 
Tim' vprsi 


1,0 


^ 70fr 


^ 10k. 








£ 






£ 


£ 
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When completed, please send this form to:- 

LINK Transport InProstructuro and Oporntions Progrnnime Secretariat 
Science and Engineering Research Council 
Polaris House 
North Star Avenue 
SWINDON 
> Wiltshire 
SN2 lET. 
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speed Violation Deterrent system at Motorway Widening Sites 
suggested Format for DesJc-Top Demonstration at St Christopher 
House/ southwark Street, London SEl OTE at 
2pai Thursday 2 April 1992 



Attending: R W Holmes - Head of Signs, Signals and 

Lighting Branch, Traffic Policy 
Division 

Representatives from: 

Motorway Widening unit 

DTp Regional Offices 

Highway Engineering Division 

Network General and Maintenance Division 

TRRL 

G J Hill - Travers Morgan 
D Robertson - Travers Morgan 

- CRS 



General Presentation content 



1. Introductions 

2. Short demonstration of image recognition of n-umber 
plates. 

3. outline of speed violation deterrent system based on 
actual M20 site conditions. 

4. Simulated system denionstration using K20 site yid&o 
data . 

5« Proposed site installation system. 

6. Questions and discussions r- likely topics: 



i) site trial; 

ii) operating liaitations (weather and 
daylight) ; 

iii) maintenance; 

iv) data transmission luode and vulnerability; 
V) operating 'cost j 

vi) system accuracy and calibration method; 

vii) variable message sign type, size and 
location; 

viii) legal aspects and approvals procedures. 



Detailed Demonstration content 

(TM suggestions for discussion with CRS) 



Item 2: Short demonstratioji of iraaqe rfecognition of Action By 

number plates 

2-3 minute video sequence of monitors showing 

traffic lane recording ^ registration number 

identification arid numbers being read from 

the selected image rectangles' fall as used in 

FIRST survey demonstrations) . CRS 



Item 3: a) Diagram 1 showing basic system, ie. 

image sensors mounted on overb^^idges 
or gantries at measured distance apart. 
Data transmission to processing box. 
Output to variable message sign. 

b) Diagram 2 showing processing logic flow 
chart. 

c) Diagram 3 showing layout of simulation 
trial from M20. 

d) Short video sequence of the K20 site 
showing the contraflov/ conditions and 
the image sensor locations. 



Simulated Demonstration fusing t j.me-svnchronised 
video recording from M20) 

a) Monitors showing the two recordcid traffic 
flows identified as upstream (A) and 
downstream (3) . CRS 

b) Allow time to demonstrate vehicles 

passing A, subsequently appear at B. CHS 

c) Enga_ge NRS to show registration ntimbers 
being identified with recorded time at 
positions A and 3. CRS 

d) Engage matching spaed calcui£5.tiQns and 
message generation software shov.'ing 
scrolling stack of violation records 

being produced. CRS 

e) Output to a monitor screen simulating 
the variable message sign, displaying 
registration number and measured speed. 
Screen holds each legend for say 5 seconds 
and is then replaced by the registration 
number of the violating vehicle calculated 
to be approaching the VMS. If stack is 

empty VMS goes blank. CRS 
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Jc^ no: 

RIorel: GJH/T/SCT 
Dale: 3 April 1992 



Memo/ Meeting /Telecon /File Note (Type in atxwe) 



Internal Notes Telecon 



Subject: Speed Violation Detection at Major Roadworks 

Telecon: Superintendent Piet Biesheuvel, Police Liaison 
Officer, Transport and Road Research Laboratory, Crowthorne, 
Berkshire RGll, 6AU (Tel: 0344 770221) /GJH, 3 April 1992 



Superintendent Biesheuvel phoned Having been present at 
the presentation at St Christopher House on 2 April. 

He is the Police Liaison Officer at TRRL, coordinating 
activity between Association of Chief Police Officers 
ACPO and TRRL. 

SB requested 15 copies of the presentation document to 
allow it to be circulated to the Speed Enforcement 
Technology Group which is one of four special sub- 
committees of ACPO. They meet next on 13 May, GJH 
undertook to provide copies of relevant sections of the 
document since Supt. Biesheuvel undertook that the 
Committee would submit their views on the system in 
writing to TM/CRS. He anticipates ^they will be fully 
supportive of the concept and of progressing to a 



He emphasised that the Police would regard the DTp as 
the funding agency for major roadworks applications but 
the Speed Enforcement Technology Group would endorse 
any method they consider would assist in achieving 
better speed limit compliance. The Police are only 
interested in portable installations for prosecution 
purposes and that such equipment must receive Home 
Office Type Approval in conjunction with the Police 
Scientific Development Branch. 

Supt. Biesheuvel shares my impression from the 
presentation that although it stimulated much interest 
It was difficult to identify where the initiative to 
progress to a site trial would come from. 

A useful contact with positively supportive views. 



trial. 
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Mr G Hill 
Travers Morgan 
Mead House 
Cantelupe Road 
EAST GRINSTBAD 
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ROOM ^^'^ 
ST CHRISTOPHER HOUSE 
SOWTHWARK STREET LONDON SEI OrfE 
TRI.EX 21352 4 4 1 0 

FAX 07U«;21 
DIRECT UNE 071-921 
SWITCHBOARD 071-928 3666 
OTN 3813 

PAX 071 921 4569 

Yowr Reft 
Our Rcf: 

Date: 20 January 1993 



Dear Mr Hill ^ 

TrAaJ. Qt Spe^d V i o l ation Detocblon/DQfaori-Qnfc ay f Tt -rft m 

I am pleased to tell you that you have approval to trial your 
system subject to agreeing the siting and other practical details 
with SE CPD. The fixed and variable message traffic signs will 
need to meet the requirements of the Traffic Signs Regulations 
and General Directions 1981. « 

Yours sincerely 



R W HOLMES 

Network Management Driver Information Division 



i 20 JAN 1993 I 
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